Treatment comparison is an important practical problem for agricultural experimentation, when treatment results vary. To solve this problem, a tool for fuzzy multi attributive comparison of treatment alternatives was developed. The input data for the toll are technical and economic indicators, soil and agronomic characteristics, as well as expert opinions. The output from the tool is a ranking of the treatment alternatives. Application of the tool can significantly reduce the time to carry out the multi-attributed comparison of alternatives, making it possible to unify the process of comparing them, providing an assessment of alternatives that is less dependent on the preferences of the scientist, and creates the conditions for more informed management decisions. In this article, a tool for fuzzy multi attributive comparison of alternatives was applied for evaluation of long-term impacts of tillage and cropping systems. Yield data , which were used in this study, showed that the various combinations had pros and cons over time. The results from the utilization of the tool indicated that the combination of chisel tillage with a cover crop rotation was the best alternative. In addition, it was determined that where poultry litter was added to the wheat cover crop (or harvested for grain), the combination of conventional tillage with a cover crop rotation was the best alternative. Results of the computer simulation using the tool for fuzzy multi attributive comparison of alternatives provided a procedure to summarize long-term experimental data.
Introduction
The purpose of decision analysis is to assist in making better decisions in complex situations. This analytic framework helps the decision maker to think systematically about objectives, preferences, other important aspects of the problem, and their interrelationship for quantitative model development. For a typical problem, the decision maker needs to choose an alternative from a domain of many possible alternatives. A procedure to find a satisfactory solution could be found using multi-criterion decision-making (MCDM) or multi attributive decision-making (MADM).
There is a large and growing literature devoted to the utilization of MCDM and MADM. These tools have been applied in many agricultural and environmental fields, and represent a useful framework for dealing with agriculture production. Examples where this has been used effectively include: 1) evaluation of labor-saving production systems for daikon the most important vegetables in the Japanese diet and the most widely cultivated vegetable in Japan (Hayashi, 1998) ; 2) assessment of ecological and economic impacts of genetically modified (GM) and non-GM maize cropping systems at the farm level; 3) conformity analysis of cotton (Ramarao, 2003) ; 4) decision making in orchard management; 5) development of intelligent decision support systems for crop management [pests, diseases, fertility, and water management, increased labor and machinery productivity, and reduced post-harvest losses (Saadan & Hamdan, 2000) ; and 6) decision support of semiarid rangelands (Lawrence et al., 1997) .
Fuzzy MCDM has been basically developed along four major families of methods (Carlsson and Fuller, 1996) . Many efficient methods have been developed for fuzzy multi-criterion decisionmaking with preference information that is completely known or unknown. Examples include: average weighted comprehensive method ; fuzzy optimum seeking method (Chen & Yingqi, 1990; Li & Shouyu, 1994) ; average weighted programming method (Wang & Fu, 1993) ; fuzzy neural networks comprehensive decision-making method ; fuzzy iteration method ; and target decision by entropy weight and fuzzy (Tang, 1992) .
Recently, a suitable tool for decision agricultural problems was developed (Krueger-Shvetsova and Kurtener, 2003; Kurtener and Shvetsova, 2007 , 2009a Kurtener, & Yakushev, 2014) . This tool is based on the use of fuzzy indicator models and the minimum average weighted deviation method (Li, 1999; Wang, 2005) . The tool was effectively applied to compare ways of reducing the cementation of the surface layers of the soil and choosing the best option (Busscher et al., 2007) , for analysis of different combinations of soil cultivation methods with crop systems , for evaluation of tillage systems for grain sorghum and wheat yields and total nitrogen uptake in the Texas Blackland Prairie (Torbert et al, 2009) , to evaluate different N management strategies (Khosla et al., 2010) ; and for analysis of the influence of the organic-mineral fertilizers "Stimulayf" and "Humate Sodium" on the growth of Dracocephalum L. (Komarov et al., 2014) . The objectives of this article are: a) description of algorithm for fuzzy multi attributive comparison of alternatives; b) consideration briefly prototype of software, and c) example of application of this tool for evaluation of long-term impacts of tillage and cropping systems in Alabama, USA.
Algorithm for fuzzy multi attributive comparison of alternatives
In general, an algorithm tool for fuzzy multi-attributive comparisons of alternatives intended for agriculture research application must include three main parts: 1) Structuring Phase: perception of the problem, identifying input and output data, obtaining missing data using crisp models, and defining alternatives and criteria; 2) Fuzzy Modeling Phase: defining fuzzy indicators and building membership functions; and 3) Evaluation Phase: applying method of multi criteria evaluation of alternatives, defining the best alternative, and evaluating the obtained results.
The main task of the first step is selecting important decision attributes (interpreted as criteria). In general, initial information about decision attributes could be given not only in numerical forms, but also as linguistic propositions. For example, a decision maker would like to evaluate several alternative agricultural practices under varying soil and climatic conditions. But, in many cases, it is possible that soil and climate input data are incomplete. Therefore, the decision maker cannot define the value of some attributes as crisp numbers. To identify these attributes, a decision maker has to use expert subject knowledge, which could be expressed as linguistic propositions. As a result, a desired decision matrix can include information about decision attributes in numerical forms as well as linguistic propositions.
For comparison of alternatives in an agricultural management system, it is necessary to normalize all selected attributes; for this purpose, fuzzy indicators can be used. A fuzzy indicator is defined as a number in the range from 0 to 1 which reflects an estimation of the decision maker and is modeled by an appropriate membership function.
The choice of a membership function is somewhat arbitrary and should mirror an objective expert opinion. In this algorithm, two types of membership function are used ( Figure 1 and Figure 2 ). Fuzzy indicators modeled by an increasing piecewise-linear membership function can be described mathematically as follows:
where th low and th up are lower and upper threshold values of the attribute, and x is the current value of the attribute. Fuzzy indicators modeled by a trapezoid-shaped membership function mf(x) can be described mathematically as follows:
where a 1 and a 2 are reference points of x. In this tool, fuzzy indicators may be grouped into three groups. The first group includes the so-called "benefit fuzzy indicators". Benefit fuzzy indicators are intended to normalize attributes which increases from zero to the desirable values. The second group includes the so-called "cost fuzzy indicators". Cost fuzzy indicators are intended to normalize attributes which decrease from the desirable values to zero. The third group includes the so-called "interval fuzzy indicators". Interval fuzzy indicators mean that there is an interval for an attribute such that when the value of this attribute lies within this interval, the conditions are best.
Representing selected attributes using fuzzy indicators provides an opportunity to build a normalized decision matrix and to make comparisons of alternatives within the agricultural management systems. In such a case, the minimum average weighted deviation method can be employed (Li, 1999; Wang 2005) . Choosing the optimal alternative is formulated as follows. Given n alternatives (A 1 ,…., A n ) and m decision attributes (G 1 ,…., G m ), each alternative has to be evaluated with respect to every attribute to define the best alternative. The first step toward a solution is constructing a decision matrix and then transforming it into the relative membership degree matrix (Z = (z ij ) n х m .).
Assume that an ideal alternative can be defined as A * = (z * 1 , z * 2 ,…., z * m ), where z * ij = max 1<i<n {z ij } (j = 1,…., m) and that the weights of multiple attributes (w i ) are (w 1 ,…., w m ) > 0 and satisfy the constraint ∑w i =1. Obviously, the better decision alternative is closer to the relative ideal alternative. Therefore, the deviation of z j from z * can be taken as an optimal criterion. Taking into account this statement, the target function is determined as follows (Li, 1999; Wang 2005) :
where w * i are the "optimal weights"; z * j are the normalized attribute values of the ideal alternative; z ij are the normalized attribute values of the given alternatives (elements of the normalized decision matrix). Next a single objective optimization problem is formulated and the Lagrange multiplier method was used to obtain the solution to this problem (Li, 1999; Wang 2005) .
So, the algorithm includes several procedures: problem understanding, definition of decision matrix; building a normalized decision matrix; calculating weights of attributes; calculating target functions; ranking alternatives; and defining the best alternative.
Description of how the tool works
The following example demonstrates how the tool works. Assume, that there are 12 alternatives, which are characterized by two attributes: 1) Weighted mean N rate, kg/ha, and 2) Weighted mean yield, Mg/ha. This information can be written as a decision matrix (Table 1) .
On the first step, it is necessary to write the input data as source files. In particular, two files must be prepared: 1) a file containing the decision matrix, and 2) a file containing the expert estimation of attributes.
The computer program (developed by Roman Ermakov, Agrophysical Research Institute, St. Petersburg, Russia) supports two types of formats of source files:
1. XML format according to the scheme Krs3.xsd.
2.
Excel-2003 (extension. xls) or Excel-2007 (extension. xlsx) .
In this example, the source files were prepared as Excel-2007 files. For example, Figures 3 and 4 show the source files used.
After loading the source files, the computer program automatically calculates target functions of alternatives, ranks alternatives and determines the best alternative. The calculated results, including intermediate, can be seen in the respective tabs. For example, the tab on Figure 5 allows the user to ensure that the original data were correctly loaded. The tab to provide the normalized decision matrix is shown in Figure 6 , and Figure 7 presents the tab for displaying weights of attributes. The "Target function" tab ( Figure 8 ) allows the user to compare visually the alternatives (the best alternative is considered one in which the target function has the smallest value). The "Ranking alternatives" tab ( Figure 9 ) presents the results of the ranking of alternatives (from the worst on the left, to the best on the right). 
Example of application of the developed tool for evaluation of long-term impacts of tillage and cropping systems
The development of conservation-tillage cropping systems could be important for crop production sustainability because of the potential for improvements in soil and water conservation, fuel energy savings, erosion control, and government erosion regulation compliance. For these reasons, efforts have been undertaken to develop conservation tillage systems for the Appalachian Plateau region of Alabama, USA.
Recently, research has been conducted to examine the impact of various tillage systems and N fertility in corn (Zea mays L.) (Torbert et al., 2001) , grain sorghum (Sorghum bicolor L.), and wheat (Triticum aestivum L.) (Torbert et al., 2006) . These studies included conservation-tillage systems compared to conventional tillage systems with and without poultry litter application. The experimental results indicated that each tillage system had pros and cons. Differences were observed between years due to weather variability across growing seasons; this complicates determining the best alternative system. Economic considerations further complicate the determination of the best alternative for crop production due to variability in production cost between cropping systems and differences in economic returns due to yield variability. These factors necessitate exploring new methodologies that can use existing experimental data to determine which system would be the most sustainable.
A suitable method for examining such problems is the described tool for fuzzy multi attributive comparison of alternatives. This technique was utilized for evaluation of the data collected from an experiment on the interactions between soil tillage systems, cropping systems, and manure management .
Data collection
Data used in this research was obtained from a long-term experiment, which was established to examine the interaction between tillage and corn-soybean cropping systems on a Hartsells fine sandy loam soil at the Sand Mountain Substation, Crossville, Alabama, USA (Figure 10 ). The experimental treatments consisted were three tillage systems and three crop rotations (Figure 11 - Figure 13 ). These treatments were 1) in-row-chisel tillage (chisel plowed to 12 inches and sowed with a no-till planter); 2) conventional tillage (prepared with a rototiller before planting); and 3) notillage (sowed with a no-till planter). The crop rotations were: 1) Continuous corn or soybean -with a wheat cover crop; 2) Soybean (Glycine max L.) rotation -with a wheat cover crop; and 3) Corn or soybean rotation -with wheat harvested for grain. Data were transformed into 9 alternatives (9 combinations of the tillage and crop rotation treatments; Table 1 ).
The experiment was established in 1981. Later, in 1991, an additional experimental component was added to examine the impact of using poultry litter to fertilize the wheat cover crop (or harvested for grain). In the study, each plot was split with one half receiving commercial fertilizer and other half receiving poultry litter (approximately 56 kg N ha -1
). The data were collected for 19 years. Fig. 10 . Location of a long-term experiment established to examine the interaction between tillage, crops, and manure management on a Hartsells fine sandy loam soil at the Sand Mountain Substation. Fig. 11 . In-row-chisel tillage (chisel plowed to 12 inches and sowed with a no-till planter). 
Algorithm for assessing tillage-crop rotation combinations
For assessing the combinations of the tillage treatments with the crop rotation treatments, the fuzzy multi attributive decision-making tool was used (Krueger-Shvetsova and Kurtener, 2003; Kurtener and Shvetsova, 2007; Kurtener et al., 2009 ). Absolute value deviation/distance of each alternative from the ideal alternative was used as a measure for choosing the optimal alternative. Note: absolute value deviation/distance of each alternative from the ideal alternative was estimated by a target function. Ranking alternatives were based on values of the target function.
These combinations were analyzed by three variants: 1) fuzzy multi attributive evaluations of alternatives with no poultry litter application; 2) fuzzy multi attributive evaluations of alternatives with poultry litter application; and 3) fuzzy multi attributive evaluations of alternatives where poultry litter applications were both utilized and not utilized in the field.
The first variant was conducted using data from 1981 to 1990. Using this data, 18 attributes (the annual corn and soybean yields in kg ha -1 ) were selected and considered as criteria for building a decision matrix (Tables 2a and 2b ). In this study, crop yield attributes were interpreted as benefit indicators.
The second variant of evaluation was conducted using data from 1991 to 2001 were poultry litter was applied. Using this data, 18 attributes (the annual corn and soybean yields in kg/ha, when the poultry litter applications were utilized) were selected and considered as criteria for building a decision matrix (Tables 3a and 3b ).
The third variant of evaluation used the combined data from 1991 to 2001. For this data, 31 attributes (the annual corn and soybean yields in kg ha-1, when the poultry litter applications were utilized and not utilized) were selected and a decision matrix was built. Two fragments of this decision matrix are shown in Tables 4a and 4b. 
Results and Discussion
Figures 14 and 15 show the results of data processing using the conventional approach (Excel graphic tool). Clearly the yield results, which are dependent on weather conditions from year to year, differ for the combinations of tillage and crop rotation. Also these figures illustrate the fact that it is almost impossible to infer the best alternative using the conventional approach.
The results of multi attributive analysis for the first evaluation variant are presented in Table 5 . Results indicated that the corresponding absolute value deviation/distance of the CHISEL_Rotation_COVER alternative from the ideal alternative resulted in the lowest value and therefore it was considered the optimal alternative. The CONV_Continuous alternative was shown to be the worst alternative.
Results of multi attributive analysis for the second evaluation variant are presented in Table 6 . This data indicated that the corresponding absolute value deviation/distance of the CONV_Rotation_COVER alternative from the ideal alternative had the lowest value and therefore was considered the optimal alternative. The CHISEL_Rotation_GRAIN alternative was shown to be the worst alternative.
Results of multi attributive analysis for the third evaluation variant are presented in Table 7 . This data indicated that the corresponding absolute value deviation/distance of the CONV_Rotation_COVER alternative from the ideal alternative had the lowest value and therefore was considered the optimal alternative. The CHISEL_Rotation_GRAIN alternative was the worst alternative. NO-TILL_Rotation GRAIN 0.1378 6
Conclusions
Treatment comparison is an important practical problem for agricultural experimentation, when treatment results vary. To solve this problem, a tool for fuzzy multi attributive comparison of alternatives ws developed (Krueger-Shvetsova and Kurtener, 2003; Kurtener and Shvetsova, 2007 , 2009a . The input data are technical and economic indicators, soil and agronomic characteristics, as well as expert opinions. The output from the tool is ranked alternatives. The tool is registered in the state registration of computer program in Russia (Kurtener et al., 2009a) .
Application of the tool can significantly reduce the time to carry out the multi-attributed comparison of alternatives, makes it possible to unify the process of comparing them, provide an assessment of alternatives less dependent on the preferences of the scinentist, and creates the conditions for a more informed management decisions. In this article, the fuzzy multi attributive comparison of alternatives tool is applied for evaluation of long-term impacts of tillage and cropping systems. Yield data , which were used in this study, showed that the various combinations had pros and cons over time. The results from the utilization of the tool indicated that the combination of chisel tillage with a cover crop rotation was the best alternative. In addition, it was determined that in cases where poultry litter were added to the wheat cover crop (or harvested for grain), the combination of conventional tillage with a cover crop rotation was the best alternative.
Results of computer simulation using the fuzzy multi attributive comparison of alternatives tool provided a procedure to summarize long-term experimental data.
